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(54)  PHASE  DETECTOR 

(57)  A  phase  detector  which  does  not  require  any 
large-capacity  memory  for  an  arctangent  table  and  can 
accurately  calculate  the  phase  of  an  input  digital  com- 
plex  baseband  signal  point  within  a  practical  calculating 
period  of  time  independently  of  the  amplitude  value. 
This  detector  judges  whether  or  not  the  phase  of  the 
input  signal  point  coincides  with  a  reference  phase  point 
by  rotating  the  phase  of  the  input  signal  point  clockwise 
by  a  prescribed  angle.  When  the  signal  point  after  the 
rotation  is  ahead  of  the  reference  phase  point,  the 
phase  of  the  input  signal  point  is  further  rotated  by  a  half 
of  the  prescribed  angle;  when  the  signal  point  after  the 

rotation  is  behind  the  reference  phase  point,  the  phase 
of  the  input  signal  point  before  the  rotation  is  rotated  by 
a  half  of  the  prescribed  angle.  The  rotating  angles  180°, 
90°,  45°  of  the  rotation  are  stored  in  a  table.  When 
the  signal  point  coincides  with  the  reference  phase  point 
after  repeating  the  rotation  several  times,  or  when  no 
coincidence  is  detected  although  the  signal  point  is 
rotated  by  all  the  rotating  angles  stored  in  the  table,  the 
sum  of  the  angles  by  which  the  signal  point  has  been 
rotated  so  far  is  outputted  as  the  phase  of  the  input  sig- 
nal  point. 

IE 

I  3 

SECOND  LATCH CIRCUIT 
FIRST  LATCH CIRCUIT p  r~r~ 

1  1 

5Vt=! 

Z  ADC 

TO  1  8Q 
Z  ADC 

0 -  

PHASE ROTATION CIRCUIT 

FIXED  VALUE STORAGE CIRCUIT 

SIN/COS DATA  TABLE 
27 

-2  5 

STORAGE CIRCUIT 

CONTROL  CIRCUIT 

o  

r»- 
o  
Q_ 
LU 

F  I  G  .  1 

Printed  by  Rank  Xerox  (UK)  Business  Services 
2.13.8/3.4 



1 EP  0  740  444  A1 2 

Description 

Technical  Field 

The  present  invention  relates  to  a  phase  detection 
apparatus  used  to  detect  the  phase  of  a  received  signal 
in  a  carrier  wave  reproduction  circuit  for  synchronous 
detection,  a  phase  detection  circuit,  or  a  frequency 
detection  circuit  provided  in,  e.g.,  a  digital  mobile  radio 
communication  apparatus  or  a  satellite  communication 
apparatus. 

Background  Art 

Recently,  with  the  development  of  semiconductor 
technologies,  particularly  digital  IC  technologies,  a  dig- 
ital  demodulation  circuit  is  in  many  instances  realized  by 
a  digital  signal  processing  circuit  in  a  radio  communica- 
tion  apparatus  for  use  in  a  digital  cellular  radio  commu- 
nication  system  or  a  satellite  communication  system.  In 
a  digital  demodulation  circuit  of  this  type,  a  quadrature 
detector  detects,  e.g.,  a  received  radio  signal  and  con- 
verts  the  signal  into  a  complex  baseband  signal.  An  A/D 
converter  converts  this  complex  baseband  signal  into  a 
digital  complex  baseband  signal.  A  digital  signal 
processing  circuit  performs  synchronous  detection, 
phase  detection,  or  frequency  detection  for  this  digital 
complex  baseband  signal. 

To  realize  the  digital  demodulation  function  as 
described  above,  it  is  necessary  to  detect  the  phase 
from  the  received  complex  baseband  signal.  The  follow- 
ing  various  apparatuses  have  been  developed  as  con- 
ventional  phase  detection  apparatuses  for  performing 
this  phase  detection. 

(1)  A  phase  is  the  arc  tangent  (tan  "1  (Q/l)  )  of  a  real- 
part  component  I  and  an  imaginary-part  component 
Q  of  a  digital  complex  baseband  signal.  Accord- 
ingly,  calculate  the  arc  tangents  of  combinations  of 
various  I  and  Q  values  in  advance,  and  prepare  a 
table  in  a  ROM.  Input  I  and  Q  as  addresses  to  the 
ROM,  and  output  a  phase  corresponding  to  these 
input  addresses  from  the  table. 
(2)  Instead  of  calculating  arc  tangents  in  advance, 
calculate  them  by  means  of  series  expansion. 
(3)  Regard  the  value  of  the  imaginary-part  compo- 
nent  Q  as  a  phase. 
(4)  Calculate  Q  x  sign(l),  and  regard  the  calculated 
value  as  a  phase.  Note  that  sign(X)  is  +1  when  the 
sign  of  X  is  positive,  and  -1  when  the  sign  is  nega- 
tive. 
(5)  Calculate  Q  x  sign(l)  -  1  x  sign(Q)  ,  and  regard 
the  calculated  value  as  a  phase. 

These  conventional  phase  detection  apparatuses 
have  the  following  problems. 

That  is,  system  (1)  using  a  table  ROM  requires  a 
large-capacity  ROM.  This  increases  the  circuit  scale  of 
the  apparatus,  leading  to  the  difficulty  in  decreasing  the 

size  and  weight  of  the  apparatus.  This  degrades  the 
portability  of  mobile  communication  apparatuses  such 
as  portable  telephone  sets  whose  most  important 
objectives  are  a  small  size  and  a  light  weight.  Therefore, 

5  system  (1)  is  very  undesirable  in  these  apparatuses. 
In  system  (2),  calculations  must  be  repetitively 

done  a  large  number  of  times.  Since  this  prolongs  the 
calculation  time,  system  (2)  is  unsuitable  for  real-time 
processing  of  communication  apparatuses. 

10  Systems  (3)  to  (5)  have  the  advantage  that  only  rel- 
atively  simple  calculations  need  to  be  performed  in 
these  systems.  However,  these  systems  can  detect  only 
the  polarity  of  the  phase  or  the  magnitude  of  the  signal 
level,  i.e.,  cannot  detect  the  phase  itself.  In  particular, 

15  because  of  variations  in  the  calculation  results  these 
systems  cannot  calculate  an  accurate  phase  from  a  sig- 
nal,  such  as  a  received  signal  modulated  by  a  7i/4  shift 
DQPSK  system,  which  changes  its  amplitude  level  in 
accordance  with  the  phase  position. 

20  The  present  invention  has  been  made  in  considera- 
tion  of  the  above  situation  and  has  its  object  to  provide 
a  phase  detection  apparatus  which  requires  no  large- 
capacity  memory  and  can  calculate  an  accurate  phase, 
within  a  practical  calculation  time,  independently  of  the 

25  amplitude  value  of  an  input  signal. 
It  is  another  object  of  the  present  invention  to  pro- 

vide  a  phase  detection  apparatus  suited  for  use  in 
mobile  communication  apparatuses. 

30  Disclosure  of  Invention 

To  achieve  the  above  objects,  a  phase  detection 
apparatus  of  the  present  invention  comprises  phase 
rotating  means  for  rotating  a  phase  of  an  input  signal 

35  point  by  a  predetermined  angle,  rotational  angle  setting 
means  for  supplying  a  plurality  of  rotational  angles  in 
decreasing  order  to  the  phase  rotating  means,  phase 
comparing  means  for  determining  whether  the  signal 
point  rotated  by  the  phase  rotating  means  agrees  with  a 

40  reference  phase  point  within  a  predetermined  error 
range,  control  means  for  sequentially  rotating  the  phase 
of  the  input  signal  point  by  the  plurality  of  rotational 
angles,  until  the  phase  comparing  means  detects  the 
agreement,  or,  even  if  the  phase  comparing  means 

45  does  not  detect  the  agreement,  until  the  rotational  angle 
setting  means  supplies  all  of  the  plurality  of  rotational 
angles  to  the  phase  rotating  means,  and  phase  detect- 
ing  means  for  detecting  the  phase  of  the  input  signal 
point  based  on  a  sum  of  the  phase  rotational  angles  of 

so  the  phase  rotating  means. 
As  a  consequence,  the  phase  detection  apparatus 

of  the  present  invention  can  perform  phase  detection 
without  using  any  large-capacity  memory.  Accordingly, 
the  circuit  scale  can  be  decreased  compared  to  the 

55  case  where  an  arc-tangent  ROM  is  used.  This  makes  it 
possible  to  realize  reductions  in  the  size  and  weight  of, 
e.g.,  a  mobile  radio  communication  apparatus. 

Also,  since  the  phase  rotation  is  done  in  decreasing 
order  of  angle,  the  phase  of  an  input  signal  can  be  made 
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agree  with  the  reference  phase  by  a  relatively  small 
number  of  repetition  times.  This  obviates  the  need  for  a 
large  number  of  repetitive  calculations,  making  phase 
detection  in  short  time  periods  feasible. 

Furthermore,  the  detection  system  is  independent  s 
of  the  amplitude  value  of  an  input  signal.  Consequently, 
accurate  phase  detection  can  be  performed  even  in 
processing  a  signal,  such  as  a  received  signal  modu- 
lated  by  a  7i/4  shift  DQPSK  system,  which  changes  its 
amplitude  level  in  accordance  with  the  phase  position.  w 

Brief  Description  of  Drawings 

FIG.  1  is  a  block  diagram  showing  the  configuration 
of  a  receiving  system  of  a  mobile  radio  communica-  is 
tion  apparatus  which  includes  a  phase  detection 
apparatus  according  to  the  first  embodiment  of  the 
present  invention; 
FIG.  2  is  a  view  showing  an  example  of  a  sin/cos 
data  table  illustrated  in  FIG.  1  ;  20 
FIG.  3  is  a  flow  chart  showing  the  operation  of  the 
first  embodiment; 
FIG.  4  is  a  view  showing  the  way  of  phase  rotation 
to  explain  the  operation  of  the  first  embodiment; 
FIG.  5  is  a  view  showing  an  example  of  a  sin/cos  25 
data  table  used  in  a  phase  detection  apparatus 
according  to  the  second  embodiment  of  the  present 
invention; 
FIG.  6  is  a  flow  chart  showing  the  major  steps  of  the 
operation  of  the  second  embodiment;  30 
FIG.  7  is  a  view  showing  the  way  of  phase  rotation 
to  explain  the  operation  of  the  second  embodiment; 
FIG.  8  is  a  block  diagram  showing  the  configuration 
of  a  receiving  system  of  a  mobile  radio  communica- 
tion  apparatus  which  includes  a  phase  detection  35 
apparatus  according  to  the  third  embodiment  of  the 
present  invention; 
FIG.  9  is  a  flow  chart  showing  the  operation  of  the 
third  embodiment;  and 
FIG.  10  is  a  view  showing  the  way  of  phase  rotation  40 
to  explain  the  operation  of  the  third  embodiment. 

Best  Mode  of  Carrying  Out  the  Invention 

To  describe  the  present  invention  in  more  detail,  its  45 
embodiments  will  be  described  below  with  reference  to 
the  accompanying  drawings. 

FIG.  1  is  a  block  diagram  showing  the  configuration 
of  a  receiving  system  of  a  mobile  radio  communication 
apparatus  which  includes  a  phase  detection  apparatus  so 
according  to  the  first  embodiment  of  the  present  inven- 
tion. 

Referring  to  FIG.  1  ,  a  radio  frequency  signal  coming 
from  a  base  station  (not  shown)  is  received  by  an 
antenna  11,  amplified  by  a  low-noise  amplifier  12,  and  ss 
applied  to  a  quadrature  detection  circuit  13.  In  the  quad- 
rature  detection  circuit  13,  the  received  radio  frequency 
signal  is  first  divided  into  two  signal  components  and 
applied  to  mixers  141  and  14Q.  The  mixers  141  and  14Q 

mix  the  respective  signal  components  with  reception 
local  oscillation  signals  having  a  71/2  phase  difference. 
Consequently,  these  signal  components  are  frequency- 
converted  into  a  real-part  (I)  component  and  an  imagi- 
nary-part  (Q)  component  of  a  complex  baseband  signal. 
A  local  oscillation  signal  generated  by  a  frequency  syn- 
thesizer  16  is  directly  supplied  to  the  mixer  141  and  sup- 
plied  to  the  mixer  1  4Q  via  a  nl2  phase  shifter  1  5.  The 
output  I  and  Q  components  of  the  received  complex 
baseband  signal  from  the  mixers  141  and  14Q  are  fil- 
tered  by  baseband  filters  (low-pass  filters)  171  and  17Q 
and  applied  to  A/D  converters  (ADCs)  181  and  18Q.  The 
A/D  converters  181  and  18Q  convert  the  input  signals 
into  digital  signals  and  transfer  them  to  the  phase  detec- 
tion  apparatus. 

The  phase  detection  apparatus  comprises  a  first 
latch  circuit  21  and  a  second  latch  circuit  22  for  receiv- 
ing  the  digital  complex  baseband  signals  (I  and  Q  com- 
ponents),  a  selector  23  for  selecting  one  of  outputs  from 
the  first  and  second  latch  circuits  21  and  22  and  also 
supplying  the  output  to  the  second  latch  circuit  22,  a 
phase  rotation  circuit  24  for  rotating  the  phase  of  the 
output  signal  from  the  selector  23  and  also  supplying 
the  output  to  the  first  latch  circuit,  a  sin/cos  data  table  25 
for  giving  phase  rotational  angle  information  to  the 
phase  rotation  circuit  24,  a  fixed  value  storage  circuit  27, 
a  comparator  26  for  comparing  the  phase  of  the  output 
signal  from  the  phase  rotation  circuit  24  with  the  output 
from  the  fixed  value  storage  circuit  27,  a  storage  circuit 
28  for  storing  the  output  from  the  comparator  26,  and  a 
control  circuit  29.  Note  that  in  the  block  diagram  of  the 
phase  detection  apparatus,  the  I  and  Q  components  of 
the  digital  complex  baseband  signal  are  together  indi- 
cated  by  thick  lines. 

The  A/D  converters  181  and  18Q  output  the  digital 
complex  baseband  signals  (a  unit  of  the  digital  signal 
periodically  output  from  the  A/D  converter  will  be 
referred  to  as  a  sample  hereinafter)  at  a  predetermined 
period  corresponding  to  a  sampling  clock,  and  the 
phase  of  each  sample  is  detected.  Before  the  sample 
phase  detection  operation  is  started,  the  first  latch  cir- 
cuit  21  holds  the  output  digital  complex  baseband  sig- 
nals  from  the  A/D  converters  181  and  18Q.  After  the 
phase  detection  operation  is  started,  the  first  latch  cir- 
cuit  21  holds  the  output  phase-rotated  digital  complex 
baseband  signal  from  the  phase  rotation  circuit  24.  On 
the  other  hand,  the  second  latch  circuit  22  holds  the  dig- 
ital  complex  baseband  signal  before  phase  rotation, 
which  is  supplied  to  the  phase  rotation  circuit  24,  each 
time  the  phase  rotation  circuit  24  performs  phase  rota- 
tion.  The  signal  holding  and  reading  operations,  by 
these  first  and  second  latch  circuits  21  and  22  are  done 
in  accordance  with  instructions  from  the  control  circuit 
29. 

The  selector  23  which  consists  of,  e.g.,  a  multi- 
plexer  alternatively  selects  the  phase-rotated  complex 
baseband  signal  held  by  the  first  latch  circuit  21  and  the 
complex  baseband  signal  before  phase  rotation  held  by 
the  second  latch  circuit  22,  in  accordance  with  instruc- 
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tions  from  the  control  circuit  29,  and  supplies  the 
selected  signal  to  the  phase  rotation  circuit  24. 

The  phase  rotation  circuit  24  rotates  the  phase  of 
the  complex  baseband  signal  supplied  from  the  selector 
23  by  an  angle  corresponding  to  sin  data  and  cos  data  s 
supplied  from  the  sin/cos  data  table  25.  The  phase  rota- 
tion  circuit  24  outputs  the  resulting  phase-rotated  com- 
plex  baseband  signal. 

Assuming  the  input  to  the  phase  rotation  circuit  24 
is  I  +  jQ,  a  signal  I'  +  jQ'  after  the  rotation  is  represented  10 
by 

r  =  I  •  cose  -  Q  •  sine 

Q'  =  Q  •  cose  +  I  •  sine  is 

where  e  is  positive  in  the  clockwise  direction. 
The  sin/cos  data  table  25  comprises  a  ROM  in 

which,  as  illustrated  in  FIG.  2,  sin  data  and  cos  data  rep- 
resenting  a  rotational  angle  of  360°/2n  (n  =  1  to  8),  that  20 
is,  eight  rotational  angles  of  180°,  90°,  45°,  22.5°,  1  1  .3°, 
5.6°,  2.8°,  and  1  .4°,  are  stored  in  a  one-to-one  corre- 
spondence  with  addresses  1  to  8.  These  sin  and  cos 
data  are  selectively  read  out  in  accordance  with  an 
address  supplied  from  the  control  circuit  29.  Note  that  25 
the  rotating  direction  of  the  phase  rotation  circuit  24  is 
fixed  in  the  clockwise  direction. 

The  comparator  26  compares  the  phase  of  the  out- 
put  phase-rotated  complex  baseband  signal  from  the 
phase  rotation  circuit  24  with  the  reference  phase  previ-  30 
ously  stored  in  the  fixed  value  storage  circuit  27,  thereby 
determining  whether  the  phase  of  the  complex  base- 
band  signal  leads,  lags  behind,  or  agrees  with  the  refer- 
ence  phase  signal.  The  comparator  26  outputs  a  signal 
of  level  "1"  if  it  determines  that  the  phase  of  the  signal  35 
leads  the  reference  phase,  a  signal  of  level  if  it 
determines  that  the  phase  of  the  signal  lags  behind  the 
reference  signal,  and  a  signal  of  level  "0"  if  it  determines 
that  the  phase  of  the  signal  agrees  with  the  reference 
phase.  These  determination  signals  are  input  to  the  40 
control  circuit  29.  Note  that  0°,  for  example,  is  used  as 
the  reference  phase.  In  this  determination  by  the  com- 
parator  29,  the  determination  of  whether  the  phase  of 
the  complex  baseband  signal  agrees  with  the  reference 
phase  need  not  be  done  by  determining  whether  the  45 
phase  of  the  signal  completely  agrees  with  the  refer- 
ence  phase.  That  is,  the  agreement  can  be  determined 
if  the  phase  of  the  signal  falls  within  a  certain  allowable 
error  range  with  respect  to  the  reference  signal. 

The  control  circuit  29  controls  the  whole  phase  so 
detection  operation  done  by  the  individual  circuits 
described  above.  That  is,  in  accordance  with  the  output 
determination  signal  from  the  comparator  26,  the  con- 
trol  circuit  29  controls  the  selector  23  to  selective  supply 
the  complex  baseband  signals  held  in  the  first  and  sec-  55 
ond  latch  circuits  21  and  22.  Also,  in  synchronism  with 
this  control  the  control  circuit  29  reads  out  the  sin  and 
cos  data,  which  represent  the  phase  rotational  angle,  in 
decreasing  order  of  angle  from  the  sin/cos  data  table 

25,  and  supplies  the  readout  data  to  the  phase  rotation 
circuit  24,  thereby  making  the  phase  rotation  circuit  24 
rotate  the  phase  of  the  complex  baseband  signal.  Fur- 
thermore,  the  control  circuit  29  writes  a  value  corre- 
sponding  to  the  determination  result  from  the 
comparator  26  into  the  storage  circuit  28.  The  storage 
circuit  28  comprises,  e.g.,  a  RAM. 

The  operation  of  the  phase  detection  apparatus 
with  the  above  arrangement  will  be  described  below 
with  reference  to  the  flow  chart  of  the  control  circuit  29 
shown  in  FIG.  3.  The  gist  of  the  operation  of  the  present 
invention  is  as  follows.  That  is,  when  the  sample  signal 
point  of  a  digital  complex  baseband  signal  is  supplied, 
the  control  circuit  29  rotates  the  sample  point  on  a 
phase  plane  in  sequence  by  the  individual  rotational 
angles  registered  in  the  table  shown  in  FIG.  2  while 
determining  whether  the  phase  of  each  rotated  signal 
point  agrees  with  the  reference  phase.  If  the  agreement 
is  detected,  the  control  circuit  29  detects  the  sum  of  the 
angles  rotated  so  far  as  the  phase  angle  of  the  sample 
point. 

When  the  operation  is  started,  initialization  is  per- 
formed  as  in  step  #10,  i.e.,  0  is  set  in  a  parameter  i 
which  represents  the  number  of  rotations. 

When  the  A/D  converters  1  81  and  1  8A  output  digital 
complex  baseband  signals  of  one  sample,  in  step  #12 
the  first  latch  circuit  21  latches  the  data  of  one  sample 
point. 

In  step  #1  4,  the  selector  23  is  controlled  to  select 
the  first  latch  circuit  21  ,  and  the  sample  point  of  the  out- 
put  digital  complex  baseband  signal  from  the  quadra- 
ture  detection  circuit  13,  which  is  held  in  the  first  latch 
circuit  21  ,  is  supplied  to  the  phase  rotation  circuit  24. 

In  step  #16,  the  control  circuit  29  increments  the 
parameter  i  by  1  . 

In  step  #18,  the  control  circuit  29  supplies  the 
parameter  i  as  an  address  to  the  sin/cos  data  table  25, 
reads  out  sin  data  and  cos  data  stored  in  that  address, 
and  supplies  the  readout  data  to  the  phase  rotation  cir- 
cuit  24.  That  is,  the  control  circuit  29  first  designates 
address  1  and  reads  out  sin  data  and  cos  data  corre- 
sponding  to  the  largest  phase  rotational  angle,  i.e., 
180°. 

In  step  #20,  the  phase  rotation  circuit  24  performs  a 
phase  shift  operation  by  which  the  sample  point  of  the 
digital  complex  baseband  signal,  which  is  supplied  via 
the  selector  23  and  held  in  the  first  latch  circuit  21,  is 
rotated  clockwise. 

In  step  #22,  the  control  circuit  29  causes  the  first 
latch  circuit  21  to  latch  the  data  of  the  rotated  sample 
point  and  the  second  latch  circuit  22  to  latch  the  data  of 
the  sample  point  before  the  rotation. 

In  step  #24,  the  control  circuit  29  determines 
whether  the  parameter  i  has  reached  8.  If  YES  in  step 
#24,  the  control  circuit  29  terminates  the  operation 
since  the  phase  rotation  circuit  24  has  completed  the 
rotation  processing  for  all  of  the  rotational  angles  stored 
in  the  sin/cos  data  table  25.  If  NO  in  step  #24,  in  step 
#26  the  comparator  26  determines  whether  the  phase 

4 
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of  the  rotated  signal  point  agrees  with  a  fixed  value  cor- 
responding  to  the  reference  phase  stored  in  the  fixed 
value  storage  circuit  27.  If  YES  in  step  #26,  the  control 
circuit  29  stores  "1"  in  the  storage  circuit  28  in  step  #28 
and  ends  the  operation. 

If  NO  in  step  #26,  in  step  #30  the  control  circuit  29 
determines  whether  the  phase  of  the  rotated  signal 
point  leads  the  reference  phase  (the  phase  of  the 
rotated  signal  point  is  present  before  the  reference  point 
in  the  counterclockwise  direction).  If  YES  in  step  #30, 
"1"  is  stored  in  the  storage  circuit  28  in  step  #32.  In  step 
#34,  the  selector  23  is  controlled  to  select  the  first  latch 
circuit  21  for  the  next  rotation  processing,  and  the 
rotated  phase  is  supplied  to  the  phase  rotation  circuit 
24.  Thereafter,  the  flow  returns  to  step  #1  6  to  repeat  the 
above  operation  by  incrementing  the  parameter  i  by  1  . 
That  is,  the  phase  of  the  rotated  signal  point  is  further 
rotated  by  a  half  of  the  immediately  preceding  rotational 
angle.  If  the  phase  of  the  rotated  signal  point  lags 
behind  the  reference  phase,  "0"  is  stored  in  the  storage 
circuit  28  in  step  #36.  In  step  #38,  the  selector  23  is  con- 
trolled  to  select  the  second  latch  circuit  22  for  the  next 
rotation  processing,  and  the  phase  of  the  unrotated  sig- 
nal  point  is  supplied  to  the  phase  rotation  circuit  24. 
Thereafter,  the  flow  returns  to  step  #16  to  repeat  the 
above  operation  by  incrementing  the  parameter  i  by  1  . 
That  is,  the  phase  of  the  unrotated  signal  point  is  rotated 
by  a  half  of  the  immediately  preceding  rotational  angle. 

A  practical  example  of  the  operation  of  this  embod- 
iment  will  be  described  below  with  reference  to  FIG.  4. 
Assume  that  the  sample  point  of  a  digital  complex  base- 
band  signal  is  a  point  A  in  FIG.  4.  This  sample  point  A  is 
first  rotated  by  180°  in  a  clockwise  direction  to  move  to 
a  point  B  by  the  phase  rotation  circuit  24  (step  #20). 

As  shown  in  step  #14,  the  selector  13  selects  the 
first  latch  circuit  21.  In  step  #22,  therefore,  the  phase  of 
the  complex  baseband  signal  at  the  initial  signal  point  A 
before  the  phase  rotation  held  in  the  first  latch  circuit  21 
is  transferred  to  and  held  in  the  second  latch  circuit  22 
via  the  selector  23,  and  the  output  phase-rotated  signal 
point  B  from  the  phase  rotation  circuit  24  is  newly  held 
in  the  first  latch  circuit  21  . 

This  phase-rotated  signal  point  B  is  input  to  the 
comparator  26.  The  comparator  26  compares  the  phase 
of  the  input  phase-rotated  signal  point  B  with  the  refer- 
ence  phase,  0°,  stored  in  the  fixed  value  storage  circuit 
27  (steps  #26  and  #30).  The  comparator  26  outputs  a 
signal  of  level  "1  "  if  the  phase  of  the  signal  point  B  leads 
the  reference  phase,  a  signal  of  level  "-1  "  if  the  phase  of 
the  signal  point  B  lags  behind  the  reference  phase,  and 
a  signal  of  level  "0"  if  the  two  phases  agree.  As  shown  in 
FIG.  4,  in  this  case  the  phase  of  the  phase-rotated  sig- 
nal  point  B  leads  the  reference  phase.  Accordingly,  the 
comparator  26  outputs  a  signal  of  level  "1".  The  control 
circuit  29  writes  data  "1"  in  the  storage  circuit  28  as  in 
step  #32. 

When  the  first  phase  rotation  control  is  completed 
and  the  data  corresponding  to  the  determination  result 
is  stored  in  the  storage  circuit  28,  the  control  circuit  29 

performs  the  second  phase  rotation  control.  On  the 
basis  of  the  determination  result  from  the  comparator 
26,  the  control  circuit  29  selects  a  signal  point  to  be  sub- 
jected  to  the  phase  rotation  next.  In  this  case  the  deter- 

5  mination  signal  is  a  signal  of  level  "1"  which  indicates 
that  the  phase  of  the  phase-rotated  signal  point  has  not 
reached  (leads)  the  reference  point.  Accordingly,  the 
control  circuit  29  determines  that  the  phase  rotational 
angle  is  still  insufficient,  and  controls  the  selector  23  to 

10  select  the  first  latch  circuit  21  which  holds  the  phase- 
rotated  signal  point  B  (step  #34).  Consequently,  the 
phase  of  the  phase-rotated  signal  point  B  held  in  the 
first  latch  circuit  21  is  supplied  to  the  phase  rotation  cir- 
cuit  24  through  the  selector  23. 

is  Thereafter,  in  step  #18  the  control  circuit  29  per- 
forms  address  designation  for  the  second  time  to  the 
sin/cos  data  table  25.  As  a  result,  sin  data  and  cos  data 
corresponding  to  the  second  largest  phase  rotational 
angle,  90°,  stored  in  address  2  are  read  out  and  sup- 

20  plied  to  the  phase  rotation  circuit  24.  The  phase  rotation 
circuit  24  rotates  the  phase  of  the  signal  B  by  90°.  The 
resulting  phase-rotated  signal  point  is  a  point  C  in  FIG. 
4. 

Since  the  phase  of  this  phase-rotated  signal  point  C 
25  lags  behind  the  reference  phase  (the  phase  is  rotated 

too  much),  the  comparator  26  outputs  a  signal  of  level  "- 
1  ".  As  shown  in  step  #36,  the  control  circuit  29  writes 
data  "0"  in  the  storage  circuit  28.  In  step  #38,  the  control 
circuit  29  causes  the  selector  23  to  select  the  second 

30  latch  circuit  22.  Selecting  the  second  latch  circuit  22 
means  that  the  next  phase  rotation  processing  is  again 
performed  for  the  current  signal  point  before  phase  rota- 
tion.  That  is,  in  the  third  phase  rotation  processing,  the 
signal  point  B  before  phase  rotation  held  in  the  second 

35  latch  circuit  22  is  supplied  to  the  phase  rotation  circuit 
24  via  the  selector  23. 

The  control  circuit  29  performs  address  designation 
for  the  third  time  to  the  sin/cos  data  table  25.  Conse- 
quently,  sin  and  cos  data  corresponding  to  a  phase  rota- 

40  tional  angle  of  45°  stored  in  address  3  are  read  out  from 
the  sin/cos  data  table  25  and  supplied  to  the  phase  rota- 
tion  circuit  24.  The  phase  rotation  circuit  24  rotates  the 
phase  of  the  signal  point  B  by  45°  .  This  phase-rotated 
signal  point  is  a  point  D  in  FIG.  4. 

45  In  step  #22,  in  the  same  way  as  in  the  rotation 
processing  for  the  first,  second,  and  third  times,  the 
phase-rotated  signal  point  D  is  fed  back  to  and  held  in 
the  first  latch  circuit  21,  and  the  signal  point  B  before 
phase  rotation  held  in  the  second  latch  circuit  22  is 

so  again  fed  back  and  held  via  the  selector  23. 
When  the  phase-rotated  signal  point  D  is  output, 

the  comparator  26  compares  the  signal  point  D  with  a 
reference  phase  point  F.  Since  the  phase  of  the  signal 
point  D  leads  the  phase  of  the  reference  phase  point  F, 

55  the  comparator  26  outputs  a  determination  signal  of 
level  "1",  and  data  "1"  is  stored  in  the  storage  circuit  28. 

When  the  third  phase  rotation  control  is  completed 
and  the  data  corresponding  to  the  determination  result 
is  stored  in  the  storage  circuit  28,  the  control  circuit  29 

5 
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subsequently  executes  phase  rotation  control  for  the 
fourth  time.  That  is,  on  the  basis  of  the  output  determi- 
nation  signal  of  level  "1"  from  the  comparator  26,  the 
control  circuit  29  determines  that  the  phase  rotation  in 
the  third  phase  rotation  control  is  still  insufficient.  There- 
fore,  to  select  the  phase-rotated  signal  point  D,  in  step 
#34  the  control  circuit  29  controls  the  selector  23  to 
select  the  first  latch  circuit  21  .  Accordingly,  the  phase- 
rotated  signal  point  D  held  in  the  first  latch  circuit  21  is 
supplied  to  the  phase  rotation  circuit  24  through  the 
selector  23. 

The  control  circuit  29  then  performs  address  desig- 
nation  for  the  fourth  time  to  the  sin/cos  data  table  25. 
Consequently,  sin  and  cos  data  corresponding  to  a 
phase  rotational  angle  of  22.5°  are  read  out  from  the 
sin/cos  data  table  25  and  supplied  to  the  phase  rotation 
circuit  24.  The  phase  rotation  circuit  24  rotates  the 
phase  of  the  signal  point  D  by  22.5°.  This  phase-rotated 
signal  point  is  a  point  E  in  FIG.  4.  The  phase-rotated  sig- 
nal  point  E  is  fed  back  to  and  held  in  the  first  latch  circuit 
21.  Note  that  the  signal  point  D  before  phase  rotation 
which  has  been  held  in  the  first  latch  circuit  21  is  trans- 
ferred  to  and  held  in  the  second  latch  circuit  22. 

When  the  phase-rotated  signal  point  E  is  output, 
the  comparator  26  compares  the  signal  point  E  with  the 
reference  phase  point  F.  Since  the  signal  point  E  agrees 
with  the  reference  phase  point  F,  the  comparator  26  out- 
puts  a  signal  of  level  "0".  Accordingly,  in  step  #28  data 
"1"  is  stored  in  the  storage  circuit  28,  and  the  control  cir- 
cuit  29  terminates  the  operation  by  determining  that  the 
phase  of  the  sample  A  of  the  digital  complex  baseband 
signal  is  detected. 

If  the  rotated  signal  point  does  not  agree  with  the 
reference  phase  point,  the  above  operation  is  again 
repeated.  However,  when  the  rotation  processing  is  per- 
formed  for  all  the  rotational  angles  stored  in  the  sin/cos 
data  table  25,  the  operation  is  ended  as  shown  in  step 
#24  regardless  of  whether  the  phase  agreement  is 
attained.  If  this  is  the  case,  an  error  of  a  minimum  rota- 
tional  angle  of  1  .4°  or  smaller  is  allowed. 

When  the  operation  is  ended,  the  control  circuit  29 
reads  out  the  data,  "1011"  in  the  case  of  FIG.  4,  from  the 
storage  circuit  28,  and  supplies  this  value  to  a  circuit 
(not  shown)  as  phase  detection  data.  Note  that  "1011" 
represents  1  1  in  decimal  notation  and  corresponds  to 
360°  x  1  1/16  =  247.5°  when  a  phase  of  0  to  360°  is  rep- 
resented  by  four  bits. 

As  described  above,  in  this  embodiment  sin  data 
and  cos  data  representing  rotational  angles  of  180°, 
90°,  45°,...  are  read  out  in  decreasing  order  of  angle 
from  the  sin/cos  data  table  25,  and  the  phase  rotation 
circuit  24  rotates  the  phase  of  a  complex  baseband  sig- 
nal.  Thereafter,  the  comparator  26  compares  the  phase- 
rotated  signal  point  with  the  reference  phase  point  of 
phase  0°.  On  the  basis  of  the  determination  result  from 
the  comparator  26,  the  selector  23  alternatively  selects 
the  signal  point  before  or  after  the  phase  rotation  and 
supplies  the  selected  signal  point  to  the  phase  rotation 
circuit  24  for  the  next  phase  rotation.  This  operation  is 

repetitively  performed  until  the  comparator  26  deter- 
mines  that  the  phase-rotated  signal  point  agrees  with 
the  reference  phase  point  or  until  all  the  phase  rota- 
tional  angles  are  read  out  from  the  sin/cos  data  table  25. 

5  Accordingly,  the  sin/cos  data  table  25  need  only 
store  sin  data  and  cos  data  representing  rotational 
angles  of  180°,  90°,  45°,...  that  are  sequentially  reduced 
by  onehalf,  so  the  phase  detection  can  be  performed 
without  using  any  large-capacity  memory.  Conse- 

10  quently,  the  circuit  scale  can  be  decreased  compared  to 
the  case  where  an  arc-tangent  ROM  is  used.  This 
makes  it  possible  to  decrease  the  size  and  weight  of, 
e.g.,  a  mobile  radio  communication  apparatus. 

Also,  in  this  embodiment  sin  data  and  cos  data  rep- 
15  resenting  rotational  angles  of  180°,  90°,  45°,...  are 

stored  in  the  sin/cos  data  table  25.  Therefore,  these  sin 
and  cos  data  can  be  read  out  and  directly  used  in  the 
phase  rotation  calculation.  As  an  example,  if  data  repre- 
senting  angles  are  stored  as  phase  rotational  angles,  a 

20  table  for  converting  the  angle  data  into  sin  data  and  cos 
data  is  necessary.  However,  in  this  embodiment  no  such 
table  is  necessary,  and  this  further  simplifies  and  minia- 
turizes  the  circuit  configuration. 

Furthermore,  in  this  embodiment  the  phase  rotation 
25  circuit  24  performs  the  phase  rotation  processing  in 

decreasing  order  of  phase  rotational  angle.  Conse- 
quently,  the  complex  baseband  signal  point  can  be 
approached  to  the  reference  phase  point  by  a  relatively 
small  number  of  repetition  times.  This  obviates  the  need 

30  for  a  large  number  of  repetitive  calculations,  making 
phase  detection  within  a  short  time  period  feasible. 
Also,  the  detection  system  is  independent  of  the  ampli- 
tude  value  of  the  complex  baseband  signal.  Conse- 
quently,  an  accurate  phase  detection  can  be  performed 

35  even  in  processing  a  signal,  such  as  a  received  signal 
modulated  by  a  7i/4  shift  DQPSK  system,  which 
changes  its  amplitude  level  in  accordance  with  the 
phase  position. 

Other  embodiments  of  the  phase  detection  appara- 
40  tus  according  to  the  present  invention  will  be  described 

below.  In  the  following  explanation  of  the  other  embodi- 
ments,  the  same  reference  numerals  as  in  the  first 
embodiment  denote  the  same  parts,  and  a  detailed 
description  thereof  will  be  omitted. 

45  In  the  first  embodiment  the  reference  phase  of  the 
comparator  26  is  fixed  to  0°.  In  the  second  embodiment, 
the  reference  phase  is  variable  and  is  set  in  accordance 
with  the  position  of  the  signal  point  of  an  input  sample. 
This  allows  a  phase  angle  detection  with  a  smaller 

so  number  of  phase  rotational  angles  than  in  the  first 
embodiment.  The  configuration  of  the  second  embodi- 
ment  is  the  same  as  the  block  diagram,  FIG.  1  ,  of  the 
first  embodiment  except  that  output  sample  data  from  a 
quadrature  detection  circuit  13  is  also  supplied  to  a  con- 

55  trol  circuit  29  and  the  control  circuit  29  supplies  the  ref- 
erence  phase  to  the  comparator  26  although  the  fixed 
value  storage  circuit  27  is  omitted.  Therefore,  the  con- 
figuration  of  the  second  embodiment  is  omitted  from  the 
drawings.  Note  that  as  shown  in  FIG.  5,  data  in  a  sin/cos 

6 
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data  table  25  is  slightly  different  from  that  in  the  first 
embodiment.  That  is,  sin  data  and  cos  data  represent- 
ing  a  rotational  angle  of  180°/2n  (n  =  1  to  7),  i.e.,  seven 
rotational  angles  of  90°,  45°,  22.5°,  1  1  .3°,  5.6°,  2.8°, 
and  1.4°,  are  stored  in  a  one-to-one  correspondence 
with  addresses  1  to  7. 

FIG.  6  is  a  flow  chart  showing  the  operation  of  the 
second  embodiment,  in  which  the  same  steps  as  in  FIG. 
3  are  not  shown. 

The  second  embodiment  is  identical  with  the  first 
embodiment  from  step  #10  to  step  #18  in  FIG.  3.  In  the 
second  embodiment,  after  step  #18  steps  #52  and  #54 
are  executed  and  then  phase  rotation  processing  in  step 
#20  is  executed.  In  step  #52,  the  control  circuit  29  deter- 
mines  the  quadrant  in  which  an  input  sample  point  A  is 
located.  This  determination  can  be  readily  accom- 
plished  using  the  combination  of  the  signs  of  I  and  Q 
components.  As  illustrated  in  FIG.  7,  in  this  embodiment 
both  the  I  and  Q  components  of  the  sample  point  A  are 
negative,  so  the  control  circuit  29  can  determine  that  the 
sample  point  A  exists  in  the  third  quadrant.  In  step  #54, 
the  control  circuit  29  sets  90°  x  (j  -  1),  where  j  is  the 
quadrant,  as  the  reference  phase  of  the  comparator  26. 
In  the  case  of  the  third  quadrant,  180°  is  set  as  the  ref- 
erence  angle. 

Thereafter,  as  in  the  first  embodiment,  the  phase 
rotation  processing  is  performed  in  step  #20,  and  in  step 
#22  the  signal  points  before  and  after  the  phase  rotation 
are  latched  by  second  and  first  latch  circuits  22  and  21  , 
respectively.  In  step  #54,  the  control  circuit  29  deter- 
mines  whether  a  parameter  i  has  reached  7.  The  subse- 
quent  operation  is  identical  with  that  in  the  first 
embodiment. 

The  operation  of  the  second  embodiment  will  be 
described  in  more  detail  below  with  reference  to  FIG.  7. 
Since  the  sample  point  of  a  digital  complex  baseband 
signal  is  the  point  A  in  the  third  quadrant,  the  reference 
angle  is  180°.  The  sample  point  A  is  first  rotated  by  90° 
in  a  clockwise  direction  to  move  to  a  point  B  by  the 
phase  rotation  circuit  24.  Since  the  phase  of  the  point  B 
lags  behind  (the  phase  is  rotated  too  much)  the  refer- 
ence  phase  point  (180°),  the  control  circuit  writes  data 
"0"  in  a  storage  circuit  28. 

Phase  rotation  processing  for  the  second  time  is 
performed  for  the  signal  point  A  before  the  current 
phase  rotation.  The  phase  rotation  circuit  24  rotates  the 
phase  of  the  signal  point  A  by  45°.  The  phase-rotated 
signal  point  is  a  point  C  in  FIG.  7.  Since  the  phase  of  the 
signal  point  C  leads  the  reference  phase  angle  180°, 
data  "1"  is  stored  in  the  storage  circuit  28. 

The  signal  point  C  leads  the  reference  phase  point, 
and  so  the  phase  rotation  processing  for  the  third  time  is 
performed  for  the  signal  point  C.  The  signal  point  C  is 
rotated  by  22.5°  in  a  clockwise  direction.  Assume  the 
rotated  signal  point  C  agrees  with  the  reference  point 
(180°).  In  this  case  data  "1"  is  stored  in  the  storage  cir- 
cuit  28. 

Thereafter,  the  control  circuit  29  reads  out  data 
"011"  from  the  storage  circuit  28  and  supplies  247.5°, 

which  is  the  sum  of  a  phase  (67.5°)  represented  by  the 
readout  data  and  the  reference  phase  (180°),  to  a  circuit 
(not  shown)  as  phase  detection  data. 

When  the  operation  is  completed,  the  control  circuit 
5  29  reads  out  the  data  "01  1  "  stored  in  the  storage  circuit 

28  and  supplies  data,  which  is  the  sum  of  a  phase  rep- 
resented  by  the  readout  data  and  the  reference  phase, 
to  a  circuit  (not  shown)  as  phase  detection  data.  Note 
that  "011"  represents  3  in  decimal  notation  and  corre- 

10  sponds  to  1  80°  x  3/8  =  67.5°  when  a  phase  of  0  to  1  80° 
is  represented  by  three  bits.  Accordingly,  the  control  cir- 
cuit  29  detects  that  the  phase  of  the  sample  A  is  247.5°. 

In  addition  to  achieving  the  same  effect  as  in  the 
first  embodiment,  the  second  embodiment  can  perform 

15  phase  detection  by  rotating  the  phase  only  three  times, 
which  is  one  less  than  four  times  in  the  first  embodi- 
ment.  This  results  in  a  shorter  detection  time  than  in  the 
first  embodiment. 

FIG.  8  is  a  block  diagram  of  the  third  embodiment. 
20  In  each  of  the  above  embodiments,  the  phase  rotating 

direction  is  fixed.  Therefore,  if  the  phase  is  rotated  too 
much,  a  signal  point  before  the  rotation  is  again  rotated; 
if  the  rotation  is  insufficient,  the  rotated  signal  point  is 
further  rotated.  Accordingly,  two  latch  circuits  are  nec- 

25  essary  to  hold  the  signal  points  before  and  after  the 
rotation.  In  this  third  embodiment  two  latch  circuits  are 
unnecessary  because  the  rotating  direction  is  selecta- 
ble.  That  is,  an  output  from  a  quadrature  detection  cir- 
cuit  13  is  supplied  to  a  phase  rotation  circuit  64  via  a 

30  latch  circuit  62.  An  output  from  the  phase  rotation  circuit 
64  is  fed  back  to  the  latch  circuit  62.  Although  a  refer- 
ence  phase  of  a  comparator  26  can  be  either  fixed  or 
variable,  in  this  embodiment  the  reference  phase  is 
fixed  as  in  the  first  embodiment.  Accordingly,  the  con- 

35  tents  of  a  sin/cos  data  table  25  are  the  same  as  those 
shown  in  FIG.  2.  A  control  circuit  29  controls  the  rotating 
direction  of  the  phase  rotation  circuit  64  in  accordance 
with  the  comparison  result  from  the  comparator  26. 

The  operation  of  the  third  embodiment  will  be 
40  described  below  with  reference  to  FIG.  9. 

When  the  operation  is  started,  the  control  circuit  29 
performs  initialization  as  shown  in  step  #70,  i.e.,  sets  0 
in  a  parameter  i  which  represents  the  number  of  rota- 
tions. 

45  When  A/D  converters  181  and  18Q  output  digital 
complex  baseband  signals  of  one  sample,  the  data  of 
one  sample  is  latched  by  the  latch  circuit  62  in  step  #72. 

In  step  #74,  the  control  circuit  29  sets  the  phase 
rotating  direction  in  the  clockwise  direction. 

so  In  step  #76,  the  control  circuit  29  increments  the 
parameter  i  by  1  . 

In  step  #78,  the  control  circuit  29  supplies  the 
parameter  i  as  an  address  to  the  sin/cos  data  table  25, 
reads  out  sin  data  and  cos  data  stored  in  that  address, 

55  and  supplies  the  readout  data  to  the  phase  rotation  cir- 
cuit  64.  That  is,  the  control  circuit  29  first  designates 
address  1  and  reads  out  sin  data  and  cos  data  corre- 
sponding  to  the  largest  phase  rotational  angle,  i.e., 
180°. 

7 
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Assuming  an  input  to  the  phase  rotation  circuit  64  is 
I  +  jQ,  a  signal  I'  +  jQ'  after  the  rotation  is  represented  as 
follows  in  accordance  with  the  rotating  direction. 
In  the  case  of  the  clockwise  direction: 

5 
r  =  I  •  cose  -  Q  •  sine 

Q'  =  Q  •  cose  +  I  •  sine 

In  the  case  of  the  counterclockwise  direction:  10 

I'  =  I  •  cose  +  Q  •  sine 

Q'  =  Q  •  cose  -  1  •  sine 
15 

In  step  #80,  the  phase  rotation  circuit  64  performs  a 
phase  shift  operation  by  which  the  sample  point  of  the 
digital  complex  baseband  signal  held  in  the  latch  circuit 
62  is  rotated  clockwise. 

In  step  #82,  the  control  circuit  29  accumulates  the  20 
rotational  angles. 

In  step  #84,  the  control  circuit  29  causes  the  latch 
circuit  62  to  latch  the  rotated  sample  point. 

In  step  #86,  the  control  circuit  29  determines 
whether  the  parameter  i  has  reached  8.  If  YES  in  step  25 
#86,  the  control  circuit  29  terminates  the  operation 
because  the  phase  rotation  circuit  64  has  completed  the 
rotation  processing  for  all  of  the  rotational  angles  stored 
in  the  sin/cos  data  table  25.  If  NO  in  step  #86,  in  step 
#88  the  comparator  26  determines  whether  the  rotated  30 
signal  point  agrees  with  a  reference  point  having  the  ref- 
erence  phase  stored  in  a  fixed  value  storage  circuit  27. 
If  YES  in  step  #88,  the  control  circuit  29  ends  the  oper- 
ation. 

If  NO  in  step  #88,  in  the  step  #90  the  control  circuit  35 
29  determines  whether  the  rotated  signal  point  leads 
the  reference  phase  point.  If  YES  in  step  #90,  in  step 
#92  the  control  circuit  29  sets  the  rotating  direction  in 
the  clockwise  direction,  and  the  flow  returns  to  step  #76 
to  repeat  the  above  operation  by  incrementing  the  40 
parameter  i  by  1  .  That  is,  the  rotated  signal  point  is  fur- 
ther  rotated  clockwise  by  onehalf  of  the  immediately 
preceding  rotational  angle.  If  NO  in  step  #90,  in  step 
#94  the  control  circuit  29  sets  the  rotating  direction  in 
the  counterclockwise  direction,  and  the  flow  returns  to  45 
step  #76  to  repeat  the  above  operation  by  incrementing 
the  parameter  i  by  1  .  That  is,  the  rotated  signal  point  is 
rotated  counterclockwise  by  onehalf  of  the  immediately 
preceding  rotational  angle.  Note  that  if  the  rotating 
direction  is  the  counterclockwise  direction,  the  rotational  so 
angles  assigned  with  negative  sign  are  accumulated; 
i.e.,  the  rotational  angles  are  subtractively  accumulated. 

A  practical  example  of  the  operation  of  this  embod- 
iment  will  be  described  below  with  reference  to  FIG.  10. 
Assume,  for  example,  that  the  sample  point  of  the  digital  55 
complex  baseband  signal  is  a  point  A  in  FIG.  10.  The 
sample  point  A  is  first  rotated  by  180°  in  a  clockwise 
direction  to  move  to  a  point  B  by  the  phase  rotation  cir- 

cuit  64  (step  #80).  Accordingly,  180°  is  set  as  an  initial 
value  of  the  accumulated  angle. 

The  comparator  26  compares  this  phase-rotated 
signal  point  B  with  a  reference  point  of  phase  0°  which 
is  stored  in  the  fixed  value  storage  circuit  27  (steps  #86 
and  #88). 

Since  the  phase  still  leads  the  reference  phase 
after  the  first  phase  rotation,  the  second  phase  rotation 
is  performed  clockwise.  Consequently,  the  phase  of  the 
signal  point  B  is  rotated  by  90°  in  a  clockwise  direction. 
The  resulting  phase-rotated  signal  point  is  a  point  C.  At 
this  time  the  accumulated  value  of  the  rotational  angles 
is  270°. 

The  phase-rotated  signal  point  C  lags  behind  the 
reference  phase  point  (the  phase  is  rotated  too  much). 
Therefore,  in  step  #94  the  rotating  direction  is  set  in  the 
counterclockwise  direction  and  the  third  phase  rotation 
is  performed.  The  signal  point  C  is  rotated  by  45°  in  a 
counterclockwise  direction.  The  consequent  accumu- 
lated  value  of  the  rotational  angles  is  225°. 

Since  the  phase-rotated  signal  point  D  leads  the 
reference  phase  point,  the  fourth  rotation  is  performed 
clockwise.  The  signal  point  D  is  rotated  by  22.5°  in  a 
clockwise  direction  to  become  a  signal  point  E.  The 
rotational  angle  accumulated  value  is  247.5°. 

Since  the  signal  point  E  agrees  with  the  reference 
phase  point,  the  control  circuit  29  determines  that  the 
phase  of  the  sample  point  A  is  detected,  and  ends  the 
operation.  After  terminating  the  operation,  the  control 
circuit  29  supplies  the  rotational  angle  accumulated 
value  (in  this  example  247.5°)  to  a  circuit  (not  shown)  as 
phase  detection  data. 

As  described  above,  in  addition  to  achieving  the 
same  effects  as  in  the  first  and  second  embodiments, 
the  third  embodiment  further  achieves  the  following 
effects.  That  is,  each  subsequent  phase  rotating  direc- 
tion  is  determined  in  accordance  with  whether  the 
rotated  signal  point  lags  behind  or  leads  the  reference 
phase  point.  Also,  the  accumulated  value  of  rotational 
angles  until  the  rotated  signal  point  agrees  with  the  ref- 
erence  phase  point  is  detected  as  the  phase  of  the  sam- 
ple  point.  Accordingly,  unlike  in  the  first  and  second 
embodiments  it  is  unnecessary  to  provide  two  latch  cir- 
cuits  and  a  selector  for  selecting  them.  This  further  min- 
iaturizes  the  circuit  configuration.  Additionally,  the 
processing  can  be  executed  in  short  time  periods 
because  processing  for  selecting  one  of  two  latch  cir- 
cuits  also  is  unnecessary. 

The  present  invention  is  not  limited  to  the  above 
embodiments  but  can  be  practiced  in  the  form  of  various 
modifications.  For  example,  in  the  above  embodiments 
the  phase  rotational  angle  is  sequentially  reduced  by 
onehalf.  However,  the  phase  rotational  angle  need  not 
be  reduced  by  onehalf  but  can  be  reduced  by,  e.g.,  1/3. 
Also,  the  practical  values  of  the  rotational  angle  are 
merely  examples,  so  angles  smaller  than  1.4°  can  be 
set  in  the  table  25  in  order  to  further  improve  the  accu- 
racy.  Although  the  clockwise  direction  is  used  as  the 
basic  direction  of  the  phase  rotating  direction,  rotation 
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can  be  done  counterclockwise  in  the  first  embodiment. 
In  this  case  the  selector  23  needs  to  select  the  opposite 
one  of  the  first  and  second  latch  circuits  to  the  one 
selected  in  the  first  embodiment,  in  accordance  with 
whether  the  phase  of  a  signal  point  leads  or  lags  behind  5 
the  reference  phase.  Furthermore,  the  reference  phase 
point  is  fixed  in  the  third  embodiment,  but  it  is  also  pos- 
sible  to  set  the  reference  phase  point  in  accordance  with 
the  position  of  the  sample  point  as  in  the  second 
embodiment.  Also,  the  rotated  signal  point  is  compared  w 
with  the  reference  phase  point,  and,  if  the  two  points  do 
not  agree,  the  rotated  signal  point  is  again  rotated  by 
decreasing  the  rotational  angle.  However,  if  the  two 
points  do  not  agree,  the  signal  point  before  the  rotation 
can  be  again  rotated  by  changing  the  rotational  angle,  75 
without  using  the  latch  for  holding  the  rotated  signal 
point.  Additionally,  the  circuit  configuration  and  the  con- 
trol  procedure  of  the  phase  detection  apparatus  and  the 
contents  of  the  control  also  can  be  modified  without 
departing  from  the  gist  of  the  present  invention.  That  is,  20 
the  above  embodiments  have  been  described  by  taking 
a  phase  detection  apparatus  using  a  combination  of 
hardware  circuits  as  an  example.  However,  these 
embodiments  can  also  be  constituted  such  that  phase 
detection  is  performed  using  software  by  phase  rotation  2s 
control  by  using  a  program  logic  device  such  as  a  digital 
signal  processor  (DSP).  With  the  use  of  the  DSP  it  is 
possible  to  perform  phase  detection  by  a  relatively  short 
process  procedure  and  calculation.  Accordingly,  phase 
detection  can  be  accomplished  without  using  any  large-  30 
scale  phase  detection  apparatus  within  relatively  short 
time  periods. 

Industrial  Applicability 
35 

As  has  been  described  in  detail  above,  the  phase 
detection  apparatus  of  the  present  invention  comprises 
phase  rotating  means  for  rotating  the  phase  of  an  input 
signal  point  by  a  predetermined  angle,  rotational  angle 
setting  means  for  supplying  a  plurality  of  rotational  40 
angles  in  decreasing.order  to  the  phase  rotating  means, 
phase  comparing  means  for  determining  whether  the 
signal  point  rotated  by  the  phase  rotating  means  agrees 
with  a  reference  phase  point  within  a  predetermined 
error  range,  control  means  for  sequentially  rotating  the  45 
phase  of  the  input  signal  point  by  plurality  of  the  rota- 
tional  angles  until  the  phase  comparing  means  detects 
the  agreement,  or,  even  if  the  phase  comparing  means 
does  not  detect  the  agreement,  until  the  rotational  angle 
setting  means  supplies  all  of  the  rotational  angles  to  the  so 
phase  rotating  means,  and  phase  detecting  means  for 
detecting  the  phase  of  the  input  signal  point  from  a  sum 
of  the  phase  rotational  angles  from  the  phase  rotating 
means. 

According  to  the  phase  detection  apparatus  of  the  55 
present  invention,  therefore,  phase  detection  can  be 
performed  without  using  any  large-capacity  memory,  so 
the  circuit  scale  can  be  decreased  compared  to  the 
case  where  an  arc-tangent  ROM  is  used.  Consequently, 

it  is  possible  to  decrease  the  size  and  weight  of,  e.g.,  a 
mobile  radio  communication  apparatus. 

Also,  since  the  phase  rotation  is  done  in  decreasing 
order  of  angle,  the  phase  of  an  input  signal  can  be  made 
agree  with  the  reference  phase  by  a  relatively  small 
number  of  repetition  times.  This  obviates  the  need  for  a 
large  number  of  repetitive  calculations,  making  phase 
detection  within  a  short  time  feasible. 

Furthermore,  the  detection  system  is  independent 
of  the  amplitude  value  of  an  input  signal.  Accordingly,  an 
accurate  phase  detection  can  be  performed  even  in 
processing  a  signal,  such  as  a  received  signal  modu- 
lated  by  a  7i/4  shift  DQPSK  system,  which  changes  its 
amplitude  level  in  accordance  with  the  phase  position. 

Claims 

1  .  A  phase  detection  apparatus  comprising: 

phase  rotating  means  for  rotating  a  phase  of  an 
input  signal  point  by  a  predetermined  angle; 
rotational  angle  setting  means  for  supplying  a 
plurality  of  rotational  angles  in  decreasing 
order  to  said  phase  rotating  means; 
phase  comparing  means  for  determining 
whether  the  signal  point  rotated  by  said  phase 
rotating  means  agrees  with  a  reference  phase 
point  within  a  predetermined  error  range; 
control  means  for  selectively  supplying  to  said 
phase  rotating  means  one  of  signal  points 
before  and  after  an  immediately  preceding 
phase  rotation  and  thereby  causing  said  phase 
rotating  means  to  perform  the  phase  rotation 
processing  by  the  rotational  angle  set  by  said 
rotational  angle  setting  means,  until  said  phase 
comparing  means  detects  the  agreement,  or, 
even  if  said  phase  comparing  means  does  not 
detect  the  agreement,  until  said  rotational 
angle  setting  means  supplies  all  of  the  rota- 
tional  angles  to  said  phase  rotating  means;  and 
phase  detecting  means  for  detecting  the  phase 
of  the  input  signal  point  based  on  a  sum  of  the 
phase  rotational  angles  of  said  phase  rotating 
means. 

2.  A  phase  detection  apparatus  according  to  claim  1  , 
wherein  said  rotational  angle  setting  means  com- 
prises  a  table  for  storing  sine  values  and  cosine  val- 
ues  of  the  rotational  angles. 

3.  A  phase  detection  apparatus  according  to  claim  1  , 
wherein  said  rotational  angle  setting  means  sup- 
plies  to  said  phase  rotating  means  a  rotational 
angle  of  360°/2n  (n  =  1  ,  2,...),  if  the  reference  phase 
point  is  0°. 

4.  A  phase  detection  apparatus  according  to  claim  1  , 
wherein 

35 
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said  phase  rotating  means  comprises  means 
for  rotating  the  phase  of  the  input  signal  point  in 
a  clockwise  direction,  and 
said  control  means  supplies  the  rotated  signal 
point  to  said  phase  rotating  means  if  the  s 
rotated  signal  point  leads  the  reference  phase 
point  in  the  counterclockwise  direction,  and 
supplies  the  unrotated  signal  point  to  said 
phase  rotating  means  if  the  rotated  signal  point 
lags  behind  the  reference  phase  point  in  the  10 
counterclockwise  direction. 

storing  sine  values  and  cosine  values  of  the  rota- 
tional  angles. 

9.  A  phase  detection  apparatus  according  to  claim  8, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  a  rotational 
angle  of  360°/2n  (n  =  1,  2,...),  if  the  predetermined 
phase  point  is  0°. 

1  0.  A  phase  detection  apparatus  according  to  claim  6, 
wherein 

5.  A  phase  detection  apparatus  according  to  claim  1  , 
wherein 

15 
said  phase  rotating  means  comprises  means 
for  rotating  the  phase  of  the  input  signal  point  in 
a  counterclockwise  direction,  and 
said  control  means  supplies  the  unrotated  sig- 
nal  point  to  said  phase  rotating  means  if  the  20 
rotated  signal  point  leads  the  reference  phase 
point  in  the  counterclockwise  direction,  and 
supplies  the  rotated  signal  point  to  said  phase 
rotating  means  if  the  rotated  signal  point  lags 
behind  the  reference  phase  point  in  the  coun-  25 
terclockwise  direction. 

said  adjusting  means  comprises  setting  means 
for  sequentially  setting  rotational  angles  which 
decrease  step  by  step  in  said  phase  rotating 
means,  and 
said  phase  rotating  means  comprises  first 
holding  means  for  holding  the  rotated  signal 
point,  second  holding  means  for  holding  the 
unrotated  signal  point,  and  means  for  rotating 
the  signal  point  held  in  one  of  said  first  and  sec- 
ond  holding  means  in  a  predetermined  direc- 
tion  by  the  rotational  angle  set  by  said  setting 
means,  in  accordance  with  whether  the  rotated 
signal  point  leads  or  lags  behind  the  predeter- 
mined  phase  point. 

6.  A  phase  detection  apparatus  comprising: 

phase  rotating  means  for  rotating  a  phase  of  an  30 
input  signal  point  by  a  predetermined  angle; 
phase  comparing  means  for  determining 
whether  the  signal  point  rotated  by  said  phase 
rotating  means  agrees  with  a  predetermined 
phase  point;  and  35 
adjusting  means  for  adjusting  the  rotational 
angle  of  said  phase  rotating  means  in  accord- 
ance  with  the  determination  result  by  said 
phase  comparing  means  so  that  said  phase 
comparing  means  detects  the  agreement,  40 
wherein  the  phase  of  the  input  signal  is 
detected  on  the  basis  of  the  rotational  angle  of 
said  phase  rotating  means. 

7.  A  phase  detection  apparatus  according  to  claim  6,  45 
wherein 

said  adjusting  means  comprises  setting  means 
for  sequentially  setting  rotational  angles  which 
decrease  step  by  step  in  said  phase  rotating  so 
means,  and 
said  phase  rotating  means  comprises  holding 
means  for  holding  the  rotated  signal  point,  and 
means  for  rotating  the  rotated  signal  point,  held 
by  said  holding  means,  by  the  rotational  angle  55 
set  by  said  setting  means. 

8.  A  phase  detection  apparatus  according  to  claim  7, 
wherein  said  adjusting  means  comprises  a  table  for 

1  1  .  A  phase  detection  apparatus  according  to  claim  1  0, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  the  rota- 
tional  angles. 

1  2.  A  phase  detection  apparatus  according  to  claim  1  1  , 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  a  rotational 
angle  of  360°/2n  (n  =  1,  2,...),  if  the  predetermined 
phase  point  is  0°. 

1  3.  A  phase  detection  apparatus  according  to  claim  6, 
wherein 

said  adjusting  means  comprises  setting  means 
for  sequentially  setting  rotational  angles  which 
decrease  step  by  step  in  said  phase  rotating 
means,  and 
said  phase  rotating  means  comprises  holding 
means  for  holding  the  rotated  signal  point,  and 
means  for  rotating  the  signal  point  held  in  said 
holding  means  in  a  predetermined  direction  by 
the  rotational  angle  set  by  said  setting  means, 
in  accordance  with  whether  the  rotated  signal 
point  leads  or  lags  behind  the  predetermined 
phase  point. 

14.  A  phase  detection  apparatus  according  to  claim  13, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  the  rota- 
tional  angles. 
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15.  A  phase  detection  apparatus  according  to  claim  14, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  a  rotational 
angle  of  360°/2n  (n  =  1,  2,...),  if  the  predetermined 
phase  point  is  0°.  5 

16.  A  phase  detection  apparatus  according  to  claim  6, 
wherein 

17.  A  phase  detection  apparatus  according  to  claim  6, 
wherein 

1  9.  A  phase  detection  apparatus  according  to  claim  1  8, 
wherein 

said  adjusting  means  comprises  setting  means 
for  sequentially  setting  rotational  angles  which 
decrease  step  by  step  in  said  phase  rotating 
means,  and 
said  phase  rotating  means  comprises  holding 
means  for  holding  the  rotated  signal  point,  and 
means  for  rotating  the  rotated  signal  point,  held 
by  said  holding  means,  by  the  rotational  angle 
set  by  said  setting  means. 

20.  A  phase  detection  apparatus  according  to  claim  1  9, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  the  rota- 
tional  angles. 

21  .  A  phase  detection  apparatus  according  to  claim  20, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  a  rotational 
angle  of  360°/2n  (n  =  1,  2,...),  if  the  predetermined 
phase  point  is  0°. 

22.  A  phase  detection  apparatus  according  to  claim  1  8, 
wherein 

said  adjusting  means  comprises  setting  means 
for  sequentially  setting  rotational  angles  which 
decrease  step  by  step  in  said  phase  rotating 
means,  and 
said  phase  rotating  means  comprises  first 
holding  means  for  holding  the  rotated  signal 
point,  second  holding  means  for  holding  the 
unrotated  signal  point,  and  means  for  rotating 
the  signal  point  held  in  one  of  said  first  and  sec- 
ond  holding  means  in  a  predetermined  direc- 
tion  by  the  rotational  angle  set  by  said  setting 
means,  in  accordance  with  whether  the  rotated 
signal  point  leads  or  lags  behind  the  predeter- 
mined  phase  point. 

23.  A  phase  detection  apparatus  according  to  claim  22, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  the  rota- 
tional  angles. 

24.  A  phase  detection  apparatus  according  to  claim  23, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  a  rotational 
angle  of  360°/2n  (n  =  1,  2,...),  if  the  predetermined 
phase  point  is  0°. 

25.  A  phase  detection  apparatus  according  to  claim  1  8, 
wherein 

said  adjusting  means  comprises  setting  means 
for  sequentially  setting  rotational  angles  which 

said  phase  rotating  means  comprises  means  25 
for  rotating  the  phase  of  the  input  signal  point  in 
a  counterclockwise  direction,  and 
said  control  means  supplies  the  unrotated  sig- 
nal  point  to  said  phase  rotating  means  if  the 
rotated  signal  point  leads  the  predetermined  30 
phase  point  in  the  counterclockwise  direction, 
and  supplies  the  rotated  signal  point  to  said 
phase  rotating  means  if  the  rotated  signal  point 
lags  behind  the  predetermined  phase  point  in 
the  counterclockwise  direction.  35 

18.  A  phase  detection  apparatus  comprising: 

determining  means  for  determining  a  quadrant 
in  a  complex  plane  in  which  an  input  signal  40 
point  is  located; 
phase  rotating  means  for  rotating  a  phase  of 
the  input  signal  point  by  a  predetermined 
angle; 
phase  comparing  means  for  determining  45 
whether  the  signal  point  rotated  by  said  phase 
rotating  means  agrees  with  a  predetermined 
phase  point  set  in  accordance  with  the  quad- 
rant  determined  by  said  determining  means; 
and  so 
adjusting  means  for  adjusting  the  rotational 
angle  of  said  phase  rotating  means  in  accord- 
ance  with  the  determination  result  from  said 
phase  comparing  means  so  that  said  phase 
comparing  means  detects  the  agreement,  55 
wherein  the  phase  of  the  input  signal  point  is 
detected  on  the  basis  of  the  rotational  angle  of 
said  phase  rotating  means  and  the  predeter- 
mined  phase  point. 

said  phase  rotating  means  comprises  means  10 
for  rotating  the  phase  of  the  input  signal  point  in 
a  clockwise  direction,  and 
said  control  means  supplies  the  rotated  signal 
point  to  said  phase  rotating  means  if  the 
rotated  signal  point  leads  the  predetermined  15 
phase  point  in  the  counterclockwise  direction, 
and  supplies  the  unrotated  signal  point  to  said 
phase  rotating  means  if  the  rotated  signal  point 
lags  behind  the  predetermined  phase  point  in 
the  counterclockwise  direction.  20 
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decrease  step  by  step  in  said  phase  rotating 
means,  and 
said  phase  rotating  means  comprises  holding 
means  for  holding  the  rotated  signal  point,  and 
means  for  rotating  the  signal  point  held  in  said  s 
holding  means  in  a  predetermined  direction  by 
the  rotational  angle  set  by  said  setting  means, 
in  accordance  with  whether  the  rotated  signal 
point  leads  or  lags  behind  the  predetermined 
phase  point.  10 

26.  A  phase  detection  apparatus  according  to  claim  25, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  the  rota- 
tional  angles.  is 

27.  A  phase  detection  apparatus  according  to  claim  26, 
wherein  said  adjusting  means  comprises  a  table  for 
storing  sine  values  and  cosine  values  of  a  rotational 
angle  of  360°/2n  (n  =  1  ,  2,...),  if  the  predetermined  20 
phase  point  is  0°. 

28.  A  phase  detection  apparatus  according  to  claim  1  8, 
wherein 

25 
said  phase  rotating  means  comprises  means 
for  rotating  the  phase  of  the  input  signal  point  in 
a  clockwise  direction,  and 
said  control  means  supplies  the  rotated  signal 
point  to  said  phase  rotating  means  if  the  30 
rotated  signal  point  leads  the  predetermined 
phase  point  in  the  counterclockwise  direction, 
and  supplies  the  unrotated  signal  point  to  said 
phase  rotating  means  if  the  rotated  signal  point 
lags  behind  the  predetermined  phase  point  in  35 
the  counterclockwise  direction. 

29.  A  phase  detection  apparatus  according  to  claim  1  8, 
wherein 

40 
said  phase  rotating  means  comprises  means 
for  rotating  the  phase  of  the  input  signal  point  in 
a  counterclockwise  direction,  and 
said  control  means  supplies  the  unrotated  sig- 
nal  point  to  said  phase  rotating  means  if  the  45 
rotated  signal  point  leads  the  predetermined 
phase  point  in  the  counterclockwise  direction, 
and  supplies  the  rotated  signal  point  to  said 
phase  rotating  means  if  the  rotated  signal  point 
lags  behind  the  predetermined  phase  point  in  so 
the  counterclockwise  direction. 

55 
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A n n o r c c   SIN  COS  ROTATIONAL 
AUUKtbb  DATA  DATA  ANGLE  (°  ) 

1  0 . 0   - 1 . 0   1 8 0  

2  1 . 0   0 . 0   9  0 

3  0 . 7 0 7   0 . 7 0 7   4 5  

4  0 . 3   8  3  0 . 9   2  3  2  2 . 5  

5  0 . 1   9  6  0 . 9   8  1  1 1 . 3  

6  0 . 0   9  8  0 . 9   9  5  5 . 6  

7  0 . 0   4  9  0 . 9   9  9  2 . 8  

8  0 . 0   2  4  1 . 0   1 . 4  

F   I G .   2  

Q 

1  8  0° 
(FIRST  TIME), 

4  5°(THIRD  TIME) 

V  

" A \   2  2 . 5 °  
\  \  (FOURTH  TIME) 

F   I G .   4  
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(  START  )  

i  *-0 ■#  1  0 

LATCH  SAMPLE  IN  FIRST  LATCH  CIRCUIT  21 #  1  2 

SELECT  FIRST  LATCH  CIRCUIT  21 #  1  4 

i  *-  i  +  1 #  1  6 

READ  OUT  DATA  FROM  SIN  /COS 
TABLE  25  (ADDRESS  i  ) 

PHASE  ROTATION 

#  1  8 

#2  0 

LATCH  UNROTATED  PHASE  IN  SECOND  LATCH  CIRCUIT  2 2  
AND  ROTATED  PHASE  IN  FIRST  LATCH  CIRCUIT  21 

#2  2 

#2  8 STORE  "  \  " 

STORE  0 #3  6 

#3  4 SELECT  FIRST 
LATCH  CIRCUIT 

SELECT  SECOND 
LATCH  CIRCUIT 

#3  8 

(  END  )  

F   I G .   3  
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AnnRFSS  S I N   c o s   ROTATIONAL 
a u u k l o o   DATA  DATA  ANGLE 

1  1 . 0   0 . 0   9  0 

2  0 . 7   0  7  0 . 7   0  7  4  5 

3  0 . 3   8  3  0 . 9   2  3  2  2 . 5  

4  0 . 1   9  6  0 . 9   8  1  1  1 . 3  

5  0 . 0 9 8   0 . 9 9 5   5 . 6  

6  0 . 0   4  9  0 . 9   9  9  2 . 8  

7  0 . 0   2  4  1 . 0   1 . 4  

F   I G .   5  

FROM  STEP  # 1 8  

DETERMINE  QUADRANT  j  OF  SAMPLE 

REFERENCE  PHASE  ANGLE  —   90  0  x  (  j  -  \)  \ 

PHASE  ROTATION 

LATCH  UNROTATED  PHASE  IN  SECOND 
LATCH  CIRCUIT  22  AND  ROTATED 
PHASE  IN  FIRST  LATCH  CIRCUIT  21 

#  5  2 

#5   4 

#2   0 

#  2  2 

TO  STEP  #  2 6  

F   I G .   6  

END 

16 



EP  0  740  444  A1 

Q 

F   I G .   7  

Q 

A 

F I G .   1 0  

17 



EP  0  740  444  A1 

18 



EP  0  740  444  A1 

(  START  )  

i  - 0  #7  0 

LATCH  SAMPLE  IN  LATCH  CIRCUIT  6 2  #7   2 

CLOCKWISE 

i  *-  i  +  1 

#  7  4 

#7  6 

READ  OUT  DATA  FROM  SIN  / C O S  
TABLE  25  (ADDRESS  i)  

PHASE  ROTATION 

ACCUMULATE  ROTATIONAL  ANGLES 

J_ 

#  7  8 

#8  0 

#8   2 

LATCH  ROTATED  PHASE  IN  LATCH  CIRCUIT  6 2  #  8  4 

#9   2 -  CLOCKWISE COUNTERCLOCKWISE #9  4 

(  END  )  

F   I G .   9  
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